Because high waist-to-hip ratio (WHR) and high serum insulin levels have been reported to be associated with an increased risk of prostate cancer, we assessed the relationship between insulin resistance and prostate cancer risk in Chinese men. We measured fasting serum glucose and insulin levels in 128 case and 306 control subjects and used the homeostasis model assessment to derive indices of insulin sensitivity and resistance. Chinese men have an average body mass index (BMI) that is considerably lower than the average BMI of Western populations (1). We previously reported that high waist-to-hip ratio (WHR) and high serum insulin levels were associated with a statistically significant excess risk of prostate cancer among Chinese men (1,2). The insulin-prostate cancer association was independent of BMI and WHR and independent of serum levels of insulin-like growth factor I (IGF-I), sex hormones, and sex hormone-binding globulin (SHBG) (1). Because high insulin levels can be associated with insulin resistance (i.e., the reduced sensitivity of tissues to the action of insulin), we sought to determine the relationship between insulin resistance and risk of prostate cancer.
Because high waist-to-hip ratio (WHR) and high serum insulin levels have been reported to be associated with an increased risk of prostate cancer, we assessed the relationship between insulin resistance and prostate cancer risk in Chinese men. We measured fasting serum glucose and insulin levels in 128 case and 306 control subjects and used the homeostasis model assessment to derive indices of insulin sensitivity and resistance. Relative to men in the lowest tertiles, men in the highest tertile of insulin sensitivity had a reduced risk of prostate cancer (odds ratio Chinese men have an average body mass index (BMI) that is considerably lower than the average BMI of Western populations (1) . We previously reported that high waist-to-hip ratio (WHR) and high serum insulin levels were associated with a statistically significant excess risk of prostate cancer among Chinese men (1, 2) . The insulin-prostate cancer association was independent of BMI and WHR and independent of serum levels of insulin-like growth factor I (IGF-I), sex hormones, and sex hormone-binding globulin (SHBG) (1) . Because high insulin levels can be associated with insulin resistance (i.e., the reduced sensitivity of tissues to the action of insulin), we sought to determine the relationship between insulin resistance and risk of prostate cancer.
We tested the hypothesis that insulin resistance is associated with prostate cancer risk by using a population-based case-control study conducted in Shanghai from 1993 through 1995. Details of the study design and population have been reported elsewhere (1) (2) (3) (4) (5) . For this study, subjects who had sufficient fasting sera for various assays were selected, including a total of 128 case subjects and 306 population control subjects. Only case subjects whose blood samples were collected before treatment were included in this study.
We measured fasting levels of serum glucose (G 0 ) and insulin (I 0 ) and derived indices of insulin sensitivity and insulin resistance. Insulin sensitivity (IS) was measured by the homeostasis model assessment [HOMA-IS ‫ס‬ 10 000/(I 0 × G 0 )] (6) and the quantitative insulin sensitivity check index (7) {QUICKI index: 1/[log (fasting insulin U/mL) + log (fasting glucose mg/dL)]}. Insulin resistance (IR) was measured by the ratio of insulin to glucose (I 0 /G 0 ) and the HOMA-IR index [HOMA-IR ‫ס‬ fasting insulin (U/mL) × glucose (mmol/L)/ 2 2 . 5 ] . The HOMA ␤-cell function [(HOMA-␤) ‫ס‬ (20 × I 0 )/(G 0 -3.5)], which measures pancreatic ␤-cell function, was also assessed (6) . Fasting serum insulin and glucose were measured by commercially available radioimmunoassay kits (Linco Research, St. Charles, MO) in the laboratory of Dr. F. Z. Stanczyk. The sensitivity limits for the insulin and glucose assays were 2 U/mL and 0.5 ng/mL, respectively, and the intra-and interassay coefficients of variation were 4.0% and 6.0%, respectively, for the insulin assay and 3.0% and 4.9%, respectively, for the glucose assay. Plasma levels of IGF-I and IGF-II and the binding proteins (IGFBP-1 and IGFBP-3) were assayed by Diagnostic Systems Laboratory (Webster, TX), and testosterone (T), dihydrotestosterone (DHT), and 5␣-androstane-3␣, 17␤-diol glucuronide (3␣-diol G) were measured by radioimmunoassay in the laboratory of Dr. F. Z. Stanczyk (8) . Written informed consent was obtained from each study subject, and the study was approved by the Institution Review Boards at the National Cancer Institute (Bethesda, MD) and the Shanghai Cancer Institute.
In the analysis, we used two indices of insulin resistance to demonstrate that any association between insulin resistance and prostate cancer risk is independent of the tool chosen to quantify insulin resistance. Insulin resistance occurs when a normal concentration of insulin produces a less than normal biologic response. The euglycemic insulin clamp (9) is the gold standard method of assessing insulin resistance because it provides steady-state measures of insulin action. However, it is a labor-intensive procedure that is useful primarily for physiologic studies with small numbers of subjects (9) . The HOMA and QUICKI indices are quantitative estimates of insulin sensitivity and resistance useful for population studies (9) (10) (11) . In two validation studies (9, 10) , these indices correlated well with results from the euglycemic insulin clamp technique.
Selected characteristics were compared between case and control subjects with P values derived from t tests and Mantel-Haenszel chi-square tests. Logtransformation of insulin-related indices was performed, whenever necessary, to meet the normality assumption. Possible correlations of selected factors with insulin resistance among control subjects *Correlation coefficients were determined with log-transformed values of the insulin-related indices. †HOMA ‫ס‬ homeostasis model assessment; QUICKI ‫ס‬ quantitative insulin sensitivity check index; I 0 /G 0 ‫ס‬ insulin/glucose; DHT ‫ס‬ dihydrotestosterone; 3␣-diol G ‫ס‬ 5␣-androstane-3␣, 17␤-diol glucuronide; SHBG ‫ס‬ sex hormone binding globulin; IGF ‫ס‬ insulin-like growth factor; IGFBP ‫ס‬ insulin-like growth factor binding protein.
‡HOMA insulin sensitivity ‫ס‬ 10 000/(I 0 × G 0 ), where I 0 and G 0 are the fasting serum levels of insulin and glucose, respectively. QUICKI insulin sensitivity ‫ס‬ 1/(log (fasting insulin U/mL) + log (fasting glucose mg/dL)). HOMA insulin resistance ‫ס‬ fasting insulin (U/mL) × glucose (mmol/L)/22.5. The HOMA ␤-cell function [(HOMA-␤) ‫ס‬ (20 × I 0 )/(G 0 − 3.5)] was also assessed as described (6, 7) . Serum fasting insulin and glucose levels were measured by using commercially available radioimmunoassays according to the manufacturer's recommended protocols.
§Total caloric intake, animal fat intake, animal protein intake, and plant protein intake were determined using information from the 126 dietary items (1) and the nutrient data from the Chinese Food Composition Table. Estrogen levels were measured by radioimmunoassay.
were explored by using Spearman correlations with the log-transformed values of the insulin-related indices. We used multiple logistic regression to estimate the association between insulin resistance and prostate cancer risk (12) . On the basis of tertile distributions for insulin sensitivity and insulin resistance among control subjects, odds ratios (ORs) and 95% confidence intervals (CIs) were estimated and sequentially adjusted for BMI, sex hormone levels, and IGF levels. All statistical analyses were done with SAS software, version 8 (SAS Institute, Cary, NC). Among the control subjects, insulin sensitivity negatively correlated with BMI, WHR, and with IGF-I, IGF-II, and IGFBP-3 levels but positively correlated with total serum T, DHT, and SHBG levels ( Table 1) . By contrast, insulin resistance and HOMA ␤-cell function positively correlated with all anthropometric variables and with free T (measured as T/SHBG), 3␣-diol G, IGF-I, and IGF-II levels (Table 1) .
Although case and control subjects were similar in age (median ‫ס‬ 71), mean levels of insulin sensitivity, insulin resistance, and ␤-cell function were statistically significantly different between the two groups ( Table 2 ). In case subjects, insulin sensitivity was 23% lower, insulin resistance (HOMA-IR) was 100% higher, and ␤-cell function was 75% higher than in control subjects. When the standard cutoff level for HOMA-IR was used, 27.8% of the case subjects and 5.4% of the control subjects were insulin resistant.
Relative to men in the lowest tertile, men in the highest tertile of insulin sensitivity had a 65% reduction in risk of prostate cancer (95% CI ‫ס‬ 0.21 to 0.60; P trend ‫ס‬ .001), and men in the highest tertile of insulin resistance or ␤-cell function had a more than twofold risk of prostate cancer (OR for insulin resistance ‫ס‬ 2.78, 95% CI ‫ס‬ 1.63 to 4.72; OR for ␤-cell function ‫ס‬ 2.50, 95% CI ‫ס‬ 1.46 to 4.26) ( Table 2 ). When insulin resistance and WHR were examined together, the effect of insulin resistance was apparent at all levels of WHR, with men in the highest tertile of insulin resistance and WHR having the highest risk of prostate cancer (OR ‫ס‬ 8.21, 95% CI ‫ס‬ 2.84 to 23.70) ( Table 2) .
In this population-based study, we showed that insulin resistance is associated with a higher risk of prostate cancer among Chinese men and that insulin sensitivity is associated with a reduced risk of prostate cancer among Chinese men. These results corroborate earlier reports (1,2) that abdominal obesity and higher levels of serum insulin are associated with an increased risk of prostate cancer. Although our study population is considered lean (average BMI ‫ס‬ 21.9), the insulin resistance effect may be extended to populations with a higher prevalence of obesity, such as Western men, because the insulin effect was also evident among men in the highest tertile of WHR (i.e., those with WHR >0.91).
The observed insulin resistance effect provides a plausible biologic explanation for the long-standing observation that "Westernization" is associated with an increased risk of prostate cancer (13) . The underlying mechanism of this association is, however, poorly understood. Westernization is associated with increased intake of saturated fat, red meat, refined sugar, and decreased physical activity, all of which can result in obesity (and abdominal obesity), which in turn can contribute to insulin resistance (14) . A diet high in fats-in particular, a high intake of saturated, short-chain, and omega-6 fatty acids-has been associated with insulin resistance (15) , whereas a diet that includes a high intake of medium-and long-chain and omega-3 fatty acids has been associated with insulin sensitivity (15) .
Insulin resistance may alter the risk of prostate cancer through several biologic pathways, including the obesitysex hormone pathway (1) . Abdominal obesity, especially visceral fat, is associated with increased hepatic glucose production and reduced glucose metabolism, higher levels of free fatty acids, and lower levels of SHBG (thereby yielding higher levels of unbound testosterone) (16) . However, our observation that insulin resistance is associated with an increased risk of prostate cancer among men in the lowest WHR group suggests that insulin resistance may also act through non-obesity-related pathways to affect prostate cancer risk. Such pathways may involve changes in inflammation, oxidative stress, and apoptosis, each of which has been associated with insulin resistance (17) (18) (19) .
The etiology of prostate cancer is likely to involve an intricate interplay of genetic and environmental factors. Whether increased insulin resistance, either through lifestyle changes or genetic susceptibility, increases the risk of prostate cancer warrants further investigation, especially in prospective studies.
